Carbon sequestration potential of tree species within forest reserves and other sites in Makurdi Benue state of Nigeria was investigated using non-destructive Walkley-Black technique. The result indicates that P. americana has the highest CO2 sequestration potential (125,916.7 kg), while T. grandis (10.4 kg) and D. regia (26.1 kg) were the least. The study also shows that trees (T. grandis, S. actinophylla and P. americana) with thick vegetation, broad and clustered leaves were found to be better CO2 sequesters. The relationship between the tree height and amount of CO2 sequestered gave a regression equation of y = 67898x + 9509 with R 2 = 0.266, indicating insignificant variations existing between tree height and CO2 sequestration at P > 0.05. Variations however existed between tree dominance and CO2 sequestration among trees investigated. This finding strategically positions Benue tropical forest in line for carbon credit financing while substantiating the importance of preserving our indigenous forest and tree species.
Introduction
The importance of forests in extenuating climate change has led many countries to study the carbon budgets and carbon sequestration of their forests resource. The total global potential for afforestation and reforestation activities for the period 1995-2050 is estimated to be an average of 1.35Pg C per year, of which 70% possibly will occur in the tropics (IPCC, 2001) .
Nigeria had sixty (60) million hectares of forest as area as at 1897 and it is established that this has declined during the 1990s at an estimated annual rate of 2.6% or more (≤398,000 hectares/year) (Oguntala, 1995; FAO, 2005) . Observed causative agents were, agricultural expansion, encroachment, over-harvesting, bush burning, illegal harvesting and de-reservations. The Federal Department of Forestry postulated that the annual diminution rate may be as high as 3.5%, noting that the forest estate of Nigeria is being highly depleted with the Sahara Desert encroaching southward at a rate of about one kilometer per year. This phenomenon appearing very docile poses great natural risk and creates a disaster laden picture for the country, this makes mitigation and related containment activities very imperative.
Plants' propagative and vegetative mechanisms are known to contribute to the control of the experienced and increasing carbon dioxide emission in the environment. The utilization of available atmospheric CO 2 in photosynthetic process provides a natural sink for the excess carbon dioxide generated by anthropogenic activities. It is known that global emission of carbon dioxide has increased by 18% reaching its first peak level after 1750. An up surge level increase per year of 1.5 ppb in 1990-2000, 2 ppb in 2001-2009 and 2.3 ppb in 2009-2010 the highest in recent decades (Chavan and Rasal, 2012) . Food and Agricultural Organization (FAO) report estimates that in Africa, deforestation accounts for nearly 70% of total emissions (FAO, 2005) . Clearing tropical forests also destroy globally important carbon sinks that are currently sequestering CO 2 from the atmosphere which are critical to future climate stabilization (Stephens et al., 2007) .
Effective sequestration which is the net exclusion of carbon dioxide from the atmosphere and entrapment within long termed natural sinks is achieved by the presence and activities of plant species with life spans of not less than ten (10) years (SSSA, 2001) . With this, estimates of carbon stocks and stock changes in tree biomass are necessary. Nigeria lack articulated data generation and banking in this area, hence stands to lose her natural carbon sinks. Above-ground biomass, below-ground biomass, dead wood, litter, and soil organic matter are the major carbon pools in any flora and fauna (Chavan and Rasal, 2012) . Soil organic carbon is a large and active pool, containing roughly twice as much carbon as the atmosphere and 2.5 times as much as the biota and the amount of carbon sequestered at a site reflects the long-term balance between influx and efflux of carbon (SSSA, 2001) .
Benue state (7˚43'50"N 8˚32'10"E) has fourteen (14) forest reserves as part of her vegetative endowment. The primary and destructive activity going on at these sites is wood cutting/lumber business and this activity has become a threat to the existing biodiversity of the communities around the studied area. The culture of replanting is next to non-existent and with the establishment of industries as well as the existence of green house gas (GHG) generating activities; there is imminent risk exposure to the environment.
Guesstimates of carbon stocks and stock changes in tree biomass are essential for keying into the United Nations Framework Convention on Climate Change (UNFCCC) programme and as required by Kyoto Protocol as well as for carbon credit trading. This research is the first phase of assessment of carbon sequestration potential of tree species found within forest reserves and sites in Benue State.
Methodology
Sampling: Ten (10) sampling locations were identified and used in this investigation from two local government area namely: Gwer west and Makurdi. In Gwer west, Nagi was chosen as the sampling location due to its forest reserve with rural low emission area. Similarly, in Makurdi, Agan and Makurdi metropolis were chosen as sampling location with mild to heavy traffic emission areas. A total of four thousand two hundred (4200) trees belonging to twenty (20) Analytical Method: Using non-destructive method, the mean above and below ground organic carbon (tones/tree) and total organic carbon of each species of tree was calculated. Carbon enters the soil as roots, litter, harvest residues, and animal manure. Carbon is stored primarily as soil organic matter (SOM) and this was determined by the Walkley-Black procedure (SSSA, 2001 ) and the carbon stock was calculated with the formula = C (%)/100 × soil bulk density × area (1 ha) × soil depth (Figure 1). 
Diameter at Breast Height (DBH) and Tree Height (TH)
DBH was calculated by measuring the tree Trunk Circumference at 1.3 m from the ground for each tree with circumferences greater than 10 cm while direct measurement neglecting height from ground was done for trees with circumference less or equal to 10 cm (Figure 2) .
TH was obtained by direct measuring with surveyors' tape by climbing, aided by a pole and confirmation us-ing calculation with Thiodolite angle and sides calculation (Figure 3) . The angle between the tree top and eye view at breast height angle (α) is taken into consideration for tree height measurement and height of the tree is calculated. Considering the angle ACB between tree top and the distance (b) at the point of observer at DBH, the tree height was calculated if α is the angle between eye view and top of the tree, a is the height of the tree in feet, c is the slope between tree and eye view, b is the distance in feet between tree and observer and h is height of horizontal plane of Thiodolite instrument, then the height of tree (H) is calculated by the following formulae:
Determination of Biomass and Carbon Dioxide Sequestered by Tree
We adopted the method recommended by Chavan and Rasal (2010) with slight modification into five stages as follows:
1) Total (green) weight of tree based on tree species for tropical forest species, the weight of a tree is: W = Above-ground weight of the tree in kilogram ( H. The root system weighs about 20% as much as the above-ground weight of the tree. Therefore, to determine the total green weight of the tree, multiply the above-ground weight of the tree by 120%.
2) Dry weight of tree based on an extension publication from the University of Nebraska (Chavan and Rasal, 2010) . The dry weight of the tree was calculated by multiplying the weight of the tree by 72.5%.
3) Weight of carbon, The average carbon content is generally 50% of the tree's total volume (DeWald et al., 2005) . Therefore, the weight of carbon in the tree was calculated by multiplying the dry weight of the tree by 50%. 4) Weight of carbon dioxide sequestered (CO 2 is composed of one molecule of Carbon and 2 molecules of Oxygen and The atomic weight of Carbon is 12.001115; The atomic weight of Oxygen is 15.9994). Hence, weight of CO 2 is C + (2 X O) = 43.999915, while the ratio of CO 2 to C is 43.999915/12.001115 = 3.6663. Therefore, to determine the weight of carbon dioxide sequestered in the tree, we multiplied the Weight of carbon in the tree by 3.6663 (Birdsey, 1992) . 5) Weight of CO 2 sequestered in the tree per year was calculated by dividing the weight of carbon dioxide sequestered in the tree by the age of the tree.
Statistical analysis was carried out using Genstat sp 18 package. The procedures used include summary statistics and linear regression.
Results and Discussion
Assessment of carbon sequestration and storage potential of 4200 trees belonging to twenty (20) tropical tree species found within a local forest reserve and other sites in Makurdi Benue State of Nigeria was investigated. Carbon storage and sequestration potential of trees within Benue is presented from a rural traffic low emission area (Table 1) , a mild to heavy traffic area ( Table 2 ) and a heavy traffic high emission township (Tables 3-10) , respectively. The relationship between dry weight of the studied trees and total sequestered CO 2 is shown in Figure 4 , while the relationship between heights of the studied trees to the total amount of CO 2 sequestered (Figure 5) , interprets the findings. The relationship between the dry weight of trees and total sequestered CO 2 in various locations within areas under investigation is shown in Figure 4 . There is observed much higher level of CO 2 sequestered in location 8, with a value of 1,405,168.1 kg. This may be connected to the nature, the age and specie of the trees, and the location as is corroborated by earlier works, with dominant species of sequestered CO 2 at the site being Mangifera indica and Persea americana. The observed high value may be related to their broad leaves and thick vegetative cover resulting from the natural cluster, especially the Persea americana. This area stretches from low level round about to State House round about designated as part of "high traffic area". Figure 1 also presents a generally observed trend that there is a progressively direct relationship between the dry weight of trees and the sequestered CO 2 , as represented by trees on the plot and the corresponding rectangles (Gibbs et al., 2007) .
From the Tables, it is observed that trees species like Anogeisus leiocarpa, Mangifera indica, Parkia biglobosa, Azadirachta Indica, Anacardium occidentale, Eucalyptus globulus and Elaeis guineensis have more amount of carbon dioxide sequestered in them within the township area. While within the low emission area like Nagi, Naka, Anogeisus leiocarpa recorded the highest sequestration of CO 2 and Tectona grandis with the lowest (762.4 kg and 10.4 kg) respectively. For the Toll Gate area which is a medium emission area, Anacardium occidentale recorded the highest with Gmelina arborea having the lowest (1,330.9 Kg and 12.5 kg) respectively. Meanwhile, along Gboko road, Mangifera indica has the highest and Schefflera actinophylla the lowest (3611.3 kg and 61.9 kg) respectively.
Along Makurdi-Lafia road, Eucalyptus globulus recorded the highest with Delonix regia having the lowest (14611.5 kg and 96.5 kg). From Wurukum round about to low level round about, a total amount of 535,933.1 kg of CO 2 was sequestered by the trees which are relatively smaller than that obtained along location 8 with Gmelina arborea absorbing the highest (182,465.6 kg) and the Schefflera actinophylla having the lowest (3,986.1 kg). This observed general low absorption along location 5 can be attributed to the relatively scanty number of trees planted as well as the non existence of species like Mangifera indica with broad leaves and consequent thick vegetative cover, having known that thickness of cover and area of cover influences amount of absorbed CO 2 by trees. In contrast to the observed low sequestration by the Schefflera actinophylla, the Delonix regia with a total no of 352 sequestered only 9,222.5. This brings to light the fact on individual basis, Schefflera actinophylla with individual sequestration of 332.2 kg, is a better candidate for sequestration than Delonix regia with individual sequestration of 26.2 kg. This substantiates the fact that the broader the leaves, the thicker the crown cover and consequently the denser the cluster; the more CO 2 sequestered by trees, this aligns with earlier reported works (Rowntree and Nowak, 1991) .
Figure 5 in trying to establish a relationship (P > 0.05) between tree height and CO 2 sequestration, show that there is no significant direct relationship between tree height and CO 2 sequestration although the height of a tree contributes to the volume of the tree which can be related to the mass and consequently the relative CO 2 sequestration potential of the tree (Rowntree, 1984) . This is buttressed by the r 2 value of 0.266. Noting that the closer the r 2 value to whole number 1, the more directly the relationship exists between the factors and more perfect the line of best fit. The gradient of the scattered plot is 67898 and equation for the graph is y = 67898x + 75095. The high value of the gradient is also an indication of the deviation from a linear best fit linear regression.
Conclusion
This preliminary evaluation strategically positions (guinea savanna) as found in Benue State in line for UNFCCC and Kyoto carbon credit trading while substantiating the importance of preserving our indigenous forest reserves. This is because recent importance has been attached to emissions reductions from tropical deforestation in future climate change policy (Rowntree, 1984) . The United Nations Framework Convention on Climate Change recently agreed to study and consider a new initiative, led by forest-rich developing countries, that calls for economic incentives to help facilitate reductions in emissions from deforestation in developing countries (REDD). This is a proposal to provide financial incentives to help developing countries voluntarily reduce national deforestation rates and associated carbon emissions below a baseline.
This work has brought to bear the fact that CO 2 emission within our local environment can be effectively sequestered by planted trees more so the landscaping of our major intra city motor ways by planting of mostly broad leaved trees will to a great extent mitigate against expunged CO 2 gases from converted CO gases emitted from automobiles with consequent reduction in health and environmental related issues.
The result has also presented a guide on the type of tree species that ought to be planted for the sequestration of CO 2 and CO gases for effective sequestration purpose. Such trees as Mango, Umbrella tree and other broad leaved species can be planted 20 or more meters away from the pedestal path along our city ways. These species of trees will not only aid in CO 2 sequestration but also provide adequate shade and food for the populace.
